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  An  improved  composite  overhead  stranded  conductor 
obtained  by  providing  an  optical  fiber  cable  in  an  overhead 
power  line  formed  by  stranding  a  plurality  of  conductors,  or 
in  an overhead  earth  wire  which  is  extended  in  parallel  with 
such  an  overhead  power  line.  A  spacer  (3)  having  a  plurality 
of  axially  extending  helical  grooves  (1)  formed  in  an  outer 
surface  thereof  is  positioned  within  a  protective  tube  (4). 
Respective  optical  fibers  (2)  and/or  optical  bundles  are 
received  in  each  of  the  grooves  (1).  Each  of  the  grooves  (1) 
has  a  width  substantially  equal  to  the  outer  diameter  of  the 
optical  fiber  (2)  and/or  the  optical  bundles  received  therein  so 
that  movement  of  the  optical  fibers  and/or  the  optical 
bundles  in  the  grooves  in  the  circumferential  direction  of  the 
spacer  is  restricted. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e d  

c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   o b t a i n e d   by  p r o v i d i n g  

a n   o p t i c a l   f i b e r   c a b l e   in  an  o v e r h e a d   p o w e r   l i n e   f o r m e d   b y  

s t r a n d i n g   a  p l u r a l i t y   of  c o n d u c t o r s ,   o r   in  an  o v e r h e a d   e a r t h  

w i r e   w h i c h   i s   e x t e n d e d   in  p a r a l l e l   w i t h   s u c h   an  o v e r h e a d  

p o w e r   l i n e .  

C o p e n d i n g   U.K.  P a t e n t   A p p l i c a t i o n   No.  8 2 / 9 4 0 2  

and  D E - A - 3 2 2 5 2 2 8   d i s c l o s e   c o m p o s i t e   o v e r h e a d   - 

s t r a n d e d   c o n d u c t o r   of  t h i s   t y p e ,   an  e x a m p l e   of  w h i c h   i s  

shown  in  F i g .   1  h e r e i n .   In  F i g .   1,  an  o p t i c a l   u n i t   5  i s  

c o m p o s e d   of  a  p l u r a l i t y   of  o p t i c a l   f i b e r s   2  a r r a n g e d   in   a  

c o r r e s p o n d i n g   n u m b e r   of  h e l i c a l   g r o o v e s   1  f o r m e d   in  t h e  

o u t e r   s u r f a c e   of   an  a l u m i n u m   s p a c e r   member   3  s u r r o u n d e d   b y  

an  o u t e r   t u b e   4  a l s o   made  of  a l u m i n u m .   The  o u t e r   s u r f a c e   o f  

t h e   o p t i c a l   u n i t   5  i s   s u r r o u n d e d   by  a  s t r a n d e d   c o n d u c t o r  

l a y e r   c o m p o s e d   of   a  p l u r a l i t y   of  a l u m i n u m - c l a d   s t e e l   w i r e s  

6 .  

The  c o m p o s i t e   s t r a n d e d   c o n d u c t o r   shown  in  F i g .   1 

e x h i b i t s   an  a c c e p t a b l e   m e c h a n i c a l   s t r e n g t h   and  e x c e l l e n t  

p r o t e c t i v e   c h a r a c t e r i s t i c s   a g a i n s t   l i g h t n i n g   due  to   t h e   f a c t  

t h a t   t h e   o p t i c a l   u n i t   5  is   r e c e i v e d   in   t h e   o u t e r   t u b e   4 ,  

w h i c h   p e r f o r m s   a  p r o t e c t i v e   f u n c t i o n .  

I f   t h e   o u t e r   d i a m e t e r   of  t h e   o p t i c a l   f i b e r   2  i s  

s u f f i c i e n t l y   s m a l l e r   t h a n   b o t h   t h e   w i d t h   and  d e p t h   of   t h e  



h e l i c a l   g r o o v e   1  to   be  r e c e i v e d   t h e r e i n   l o o s e l y ,   c o m p r e s s i o n  

a n d / o r   e x p a n s i o n   s t r e s s e s   a p p l i e d   t h e r e t o   a r e   a b s o r b e d  

a n d / o r   w e a k e n e d   due  to   r a d i a l   m o v e m e n t   of  t h e   o p t i c a l   f i b e r s  

2  in  t h e   g r o o v e s   1,  s u c h   as  shown  by  t h i c k   a r r o w s   in  F i g .   2 .  

In  t h e   s t r u c t u r e   shown  in  F i g .   1,  h o w e v e r ,   i f   t h e   w i d t h   o f  

t h e   g r o o v e   1  of  t h e   s p a c e r   3  is   much  l a r g e r   t h a n   t h e ' d i a m e -  

t e r   of   t h e   o p t i c a l   f i b e r   2,  b e n d i n g   a n d / o r   c o m p r e s s i o n  

s t r e s s e s   a p p l i e d   to   t h e   c o m p o s i t e   s t r a n d e d   c o n d u c t o r   c a u s e  

t h e   o p t i c a l   f i b e r   to   move  n o t   o n l y   r a d i a l l y   b u t   a l s o   c i r c u m -  

f e r e n t i a l l y ,   r e s u l t i n g   in  i r r e g u l a r   b e n d i n g   of   t he   o p t i c a l  

f i b e r s .   A c c o r d i n g l y ,   t r a n s m i s s i o n   l o s s   of   t h e   o p t i c a l   f i b e r  

may  i n c r e a s e .  

The  p r e s e n t   i n v e n t i o n   r e s i d e s   in   a  c o m p o s i t e  

o v e r h e a d   s t r a n d e d   conductor   developed  to  r e s o l v e   or  reduce  the  p r o b -  

l ems   i n h e r e n t   in  t h e   c o n v e n t i o n a l   c o m p o s i t e   o v e r h e a d   s t r a n -  

ded  c o n d u c t o r ,   and  i s   c h a r a c t e r i s e d   by  the  o p t i c a l   f i b e r s   a n d / o r  

t h e   o p t i c a l   b u n d l e s   b e i n g   f i t t i n g l y   r e c e i v e d   in   t h e   h e l i c a l  

g r o o v e s   f o r m e d   in   a  s p a c e r ,   w i t h   t h e   w i d t h   of  t h e   h e l i c a l  

g r o o v e s   b e i n g   s u b s t a n t i a l l y   t h e   same  as  t h e   d i a m e t e r   of   t h e  

o p t i c a l   f i b e r s   a n d / o r   t h e   o p t i c a l   b u n d l e s .   In  t h e   p r e s e n t  

s p e c i f i c a t i o n ,   t h e   o p t i c a l   b u n d l e   i s   i n t e n d e d   to   mean  a n  

a s s e m b l y   of  a  p l u r a l i t y   of  o p t i c a l   f i b e r s   w h i c h   a r e   a r r a n g e d  

u n i f o r m l y   a l o n g   t h e   l o n g i t u d i n a l   d i r e c t i o n .   When  t h e  

d i a m e t e r   i s   u s e d   in  c o n n e c t i o n   w i t h   t h e   o p t i c a l   b u n d l e ,   i t  

means   t h e   maximum  s i z e   in   t h e   r a d i a l   d i r e c t i o n   of   t h e  

b u n d l e .   Wi th   s u c h   a  s t r u c t u r e ,   t h e   f r e e d o m   of   m o v e m e n t   o f  

t h e   o p t i c a l   f i b e r   in  t h e   g r o o v e s   i s   r e s t r i c t e d   to   t h e r e b y  



m i n i m i z e   l o s s   i n c r e a s e   c a u s e d   by  the   b e n d i n g .   H o w e v e r ,   a l l  

e x t e r n a l   a x i a l   s t r e s s e s   a p p l i e d   to  the   f i b e r s   a r e   a b s o r b e d  

by  t h e   r a d i a l   m o v e m e n t   of   t he   f i b e r s .   For   e x a m p l e ,   when  a n  

e x p a n s i o n   s t r e s s   i s   a p p l i e d   to  t he   c o m p o s i t e   s t r a n d e d  

c o n d u c t o r   of  t he   i n v e n t i o n   w h i l e   t he   o p t i c a l   f i b e r s   a r e  

p o s i t i o n e d   a t  t h e   b o t t o m s   of  t he   g r o o v e s ,   t h e   d i a m e t e r   o f  

t h e   s p a c e r   i s   r e d u c e d   and  the   s t r e s s   i s   a b s o r b e d   by  t h e  

r a d i a l   m o v e m e n t   of  t h e   f i b e r s   b e c a u s e   t h e   s p a c e r   i t s e l f   i s  

e l o n g a t e d .  

I t   i s   p r e f e r r e d   to   r o u n d   the   b o t t o m s   of   t h e  

g r o o v e s   w i t h   a  r a d i u s   of   c u r v a t u r e   s u b s t a n t i a l l y   e q u a l   t o  

t h e   r a d i u s   of  t h e   o p t i c a l   f i b e r s   a n d / o r   t h e   o p t i c a l   b u n d l e s ,  

t h e r e b y   p r e v e n t i n g   m i c r o b e n d i n g   of  t he   o p t i c a l   f i b e r .   When 

t h e   r a d i u s   i s   u s e d   in  c o n n e c t i o n   w i t h   t h e   o p t i c a l   b u n d l e ,   i t  

i s   a  h a l f   of  i t s   d i a m e t e r   w h i c h   is   d e f i n e d   in  t h e   a b o v e .  

F u r t h e r ,   in  s u c h   a  c a s e ,   i f   t h e   o p t i c a l   f i b e r   h a s   a  j a c k e t  

c o a t i n g   of   an  e l a s t i c   m a t e r i a l   such   as  s i l i c o n ,   t h e   e f f e c t  

of   s t r e s s   a b s o r p t i o n   may  be  i m p r o v e d .  

M o r e o v e r ,   s i n c e   i t   i s   p o s s i b l e   to   make  t h e   n a r -  

r o w e d   g r o o v e s   of  t h e   s p a c e r   d e e p e r   t h a n   t h e   g r o o v e s   in   t h e  

s p a c e r   shown  in  F i g .   1,  t h e   o p t i c a l   f i b e r s   can   be  m o v e d  

r a d i a l l y   t h r o u g h   a  d i s t a n c e   l a r g e r   t h a n   i s   p o s s i b l e   in   t h e  

s t r u c t u r e   of  F i g .   1 .  

A l t e r n a t i v e l y ,   t h e   s p a c e r   i t s e l f   can   be  t h i n n e d .  

T h i s   i s   a d v a n t a g e o u s   when  t he   c o m p o s i t e   o v e r h e a d   s t r a n d e d  

c o n d u c t o r   i s   to  be  u s e d   as  a  s u b s t i t u t e   f o r   an  e x i s t i n g  

s t r a n d e d   c o n d u c t o r   n o t   h a v i n g   o p t i c a l   f i b e r s   t h e r e i n ,   i n  

w h i c h   a p p l i c a t i o n   t h e   s i z e   and  w e i g h t   of  t h e   c o m p o s i t e  



o v e r h e a d   s t r a n d e d   c o n d u c t o r   mus t   be  n e a r l y   t h e   same  as  t h e  

e x i s t i n g   s t r a n d e d   c o n d u c t o r .   The  d i a m e t e r   of  t h e   s p a c e r  

s h o u l d   n o t   be  l a r g e r   t h a n   t w i c e   the   d i a m e t e r   of  e a c h   of   t h e  

a l u m i n u m - c l a d   s t e e l   w i r e   w h i c h   form  the   o u t e r   l a y e r   of  t h e  

s t r a n d e d   c o n d u c t o r .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  t h e   , i n v e n t i o n ,  

and  to   show  how  the   same  may  be  c a r r i e d   i n t o   e f f e c t ,  

r e f e r e n c e   w i l l   now  be  made ,   by  way  of  e x a m p l e ,   to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  c o n v e n t i o n a l  

c o m p o s i t e   s t r a n d e d   c o n d u c t o r ;  

F i g .  2   i s   an  e l o n g a t e   c r o s s - s e c t i o n a l   v i e w   of   a  

s p a c e r   u s e d   in  t h e   c o m p o s i t e   s t r a n d e d   c o n d u c t o r   of   F i g .   1 ;  

F i g .   3  i s   a  s i m i l a r   v i ew   of  a  s p a c e r   u s e d   in   some 

e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   4  i s   a  c r o s s - s e c t i o n a l   view  of  one  embodiment  of  a  

composi te   overhead  s t r anded   conduc tor   of  the  p r e s e n t   i n v e n t i o n ;  

F i g .   5  i s   a  c r o s s - s e c t i o n a l   v i ew   of  a n o t h e r  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g .   6  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  f u r t h e r  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

F i g .   3  i s   a  c r o s s - s e c t i o n a l   v i ew   of  a  s p a c e r   a d a p -  

t e d   fo r   use  with  embodiments  of  the  p resen t   i nven t ion .   In  Fig.   3 ,  t h e  

s p a c e r   3  i s   made  of  a  m e t a l   or   a  h e a t   r e s i s t a n t   p l a s t i c s  

m a t e r i a l ,   and  i s   f o r m e d   on  i t s   o u t e r   p e r i p h e r y   w i t h   a  

p l u r a l i t y   ( f o u r   in   t h i s   c a s e )   of  h e l i c a l   g r o o v e s   i n   w h i c h  

r e s p e c t i v e   o p t i c a l   f i b e r s   a n d / o r   r e s p e c t i v e   o p t i c a l   b u n d l e s  

2  a r e   r e c e i v e d .   The  w i d t h   of   e a c h   h e l i c a l   g r o o v e   1  i s   m a d e  

s u b s t a n t i a l l y   e q u a l   to   t h e   o u t e r   d i a m e t e r   of  t h e   o p t i c a l  



f i b e r   a n d / o r   t h e   o p t i c a l   b u n d l e s   2  r e c e i v e d   t h e r e i n   so  t h a t  

t h e   l a t t e r   can  move  o n l y   r a d i a l l y .  

F i g .   4  i s   a  c r o s s - s e c t i o n a l   v i ew   of  a  c o m p o s i t e  

s t r a n d e d   c o n d u c t o r   to   w h i c h   the   s p a c e r   3  shown  in  F i g .   3  i s  

a p p l i e d .   In  F i g .   4,  t h e   s p a c e r   3,  as  a b o v e ,   i s   made  of   a  

m e t a l   or  a  h e a t   r e s i s t a n t   p l a s t i c s   m a t e r i a l   and  i s   f o r m e d   i n  

t h e   o u t e r   s u r f a c e   t h e r e o f   w i t h   h e l i c a l   g r o o v e s   1,  e a c h  

h a v i n g   a  w i d t h   s u b s t a n t i a l l y   e q u a l   to  t h e   d i a m e t e r   of  t h e  

o p t i c a l   f i b e r   a n d / o r   t h e   o p t i c a l   b u n d l e s   2  r e c e i v e d   t h e r e i n .  

The  s p a c e r   3  i s   c o v e r e d   by  an  a l u m i n u m   t u b e   4  to   fo rm  a n  

o p t i c a l   u n i t   5  s u r r o u n d e d   by  s t r a n d e d   a l u m i n u m - c l a d   s t e e l  

w i r e s   6 .  

I t   i s   p o s s i b l e   to  d e e p e n   t he   g r o o v e s   w i t h o u t  

r e d u c i n g   the   m e c h a n i c a l   s t r e n g t h   of  t h e   s p a c e r .   T h i s   i s   o n e  

of   a d v a n t a g e s   of   t h e   p r e s e n t   i n v e n t i o n   o v e r   t h e   c o n v e n t i o n a l  

s t r a n d e d   c o n d u c t o r   shown  in  F i g .   1.  F u r t h e r ,   i t   i s   p o s s i b l e  

to   c o a t   t he   s u r f a c e s   of   t he   g r o o v e s   1  a n d / o r   t h e   s u r f a c e s   o f  

t h e   o p t i c a l   f i b e r s   w i t h   a  j e l l y - l i k e   m a t e r i a l   to   damp  t h e  

r e l a t i v e   movement   of   t h e   o p t i c a l   f i b e r s   w i t h   r e s p e c t   to   t h e  

g r o o v e   w a l l s .   S t i l l   f u r t h e r ,   i t   i s   p o s s i b l e   to   e m p l o y   a n  

e l a s t i c   m a t e r i a l   s u c h   as  s i l i c o n   r e s i n   or   s i l i c o n   r u b b e r   i n  

t h e   g r o o v e s   to  e l a s t i c a l l y   r e s t r i c t   t h e   r e l a t i v e   m o v e m e n t   o f  

t h e   o p t i c a l   f i b e r s   w i t h   r e s p e c t   to  t he   g r o o v e   w a l l s   so  t h a t  

t h e   o p t i c a l   f i b e r s   move  t o g e t h e r   w i t h   t h e   s p a c e r   3  i n  

r e s p o n s e   to  t h e r m a l   and  m e c h a n i c a l   s t r e s s e s   e x e r t e d   t h e r e o n .  

In  t h i s   c a s e ,   any  d i s t o r t i o n   a p p l i e d   to   t he   o p t i c a l   f i b e r s  

i s   made  a x i a l l y   u n i f o r m   so  t h a t   t he   l i f e t i m e   of   t h e   o p t i c a l  



f i b e r s   and  t he   s t a b i l i t y   of  t h e i r   t r a n s m i s s i o n   c h a r a c t e r i s -  

t i c s   a r e   i m p r o v e d .  

I f   t he   s p a c e r   3  i s   made  of  a  m e t a l   m a t e r i a l   h a v i n g  

an  a p p r e c i a b l e   e l e c t r i c a l   r e s i s t i v i t y ,   i t   i s   p o s s i b l e   t o  

r e s t r i c t   a  t e m p e r a t u r e   i n c r e a s e   due  to   a  l i g h t n i n g   s t r i k e   o r  

a  s h o r t   c i r c u i t   of   t h e   power   t r a n s m i s s i o n   l i n e .   For   e x a m -  

p l e ,   f o r   a  c o m p o s i t e   s t r a n d e d   c o n d u c t o r   p r o v i d e d   w i t h   a  

s p a c e r   3  made  of   an  a l u m i n u m   a l l o y   h a v i n g   t h e   same  s t r u c t u r e  

as  t h a t   shown  in  F i g .   4,  an  o p t i c a l   u n i t   5  c o v e r e d   w i t h  

a l u m i n u m   t u b e   4  w h i c h   i s   5  mm  d i a m e t e r ,   and  s e v e n   a l u m i n u m -  

c l a d   s t r a n d e d   s t e e l   w i r e s   6  e a c h   3 .8   mm  d i a m e t e r   a r r a n g e d  

a r o u n d   t h e   o p t i c a l   u n i t   5,  i f   t h e   e l e c t r i c   r e s i s t a n c e   p e r  

u n i t   l e n g t h   and  t h e   c r o s s - s e c t i o n a l   a r e a   of   t h e   c o m p o s i t e  

c a b l e   a r e   0 . 5 5 0   o h m s / k m   and  a b o u t   80  mm2,  r e s p e c t i v e l y ,   t h e  

t e m p e r a t u r e   i n c r e a s e   of   t h e   c o n d u c t o r   due  to   a  s h o r t - c i r c u i t  

c u r r e n t   i s   l o w e r   by  a b o u t   30°C  t h a n   t h a t   of  a  c o n d u c t o r   of   a  

c o m p o s i t e   s t r a n d e d   c o n d u c t o r   w i t h   a  n o n - m e t a l l i c   s p a c e r   o r  

w i t h o u t   such   a  s p a c e r .   For   e x a m p l e ,   t h e   a p p r o x i m a t e   t e m p e -  

r a t u r e   i n c r e a s e s   of   t h e   c o n d u c t o r   of  t h e   c o m p o s i t e   s t r a n d e d  

c o n d u c t o r   w i t h   a  n o n - m e t a l l i c   s p a c e r   or   w i t h o u t   such   a  

s p a c e r   f o r   a  c u r r e n t   f l o w   of  20  KA  f o r   0 . 1 5 ,   0 . 2 0   and  0 . 3 0  

s e c o n d s   a r e   180°C ,   230°C  and  350°C ,   r e s p e c t i v e l y ,   w h i l e ,   f o r  

t h e   c o m p o s i t e   s t r a n d e d   c o n d u c t o r   c o n s t i t u t e d   w i t h   a  s p a c e r   3 

of   an  a l u m i n u m   a l l o y ,   t h e   c o r r e s p o n d i n g   v a l u e s   a r e   1 5 0 ° C ,  

200°C  and  300°C ,   r e s p e c t i v e l y .  

F u r t h e r ,   in   F i g .   4,  e i t h e r   or   b o t h   of  t h e   s p a c e r   3 

and  t h e   t u b e   4  can   be  made  of  h e a t   d u r a b l e   p l a s t i c s   m a t e -  

r i a l .   H o w e v e r ,   i f   t h e   s p a c e r   3  i s   made  of  a  m e t a l   and  t h e  



t u b e   4  of  a  h e a t   d u r a b l e   p l a s t i c s   m a t e r i a l   or  b o t h   of  t h e  

s p a c e r   and  the   t u b e   a r e   made  of  m e t a l   w i t h   an  i n s u l a t i n g  

m a t e r i a l   such   as  a  p l a s t i c   t a p e   l a y e r   b e t w e e n   the   s p a c e r   a n d  

t h e   t u b e ,   due  to  t h e   p r e s e n c e   of  t h e   i n s u l a t i n g   m a t e r i a l  

l a y e r   b e t w e e n   t h e   m e t a l   s p a c e r   3  and  t h e   a l u m i n u m - c l a d   s t e e l  

w i r e s   6,  when  a  s h o r t - c i r c u i t   c u r r e n t   f l o w s   t h e r e t h r o u g h ,  

b r e a k d o w n   of  t he   i n s u l a t i n g   l a y e r   i s   c a u s e d   and  t he   t u b e   i n  

b r o k e n .   T h u s ,   t he   t o l e r a n c e   of  t h e   c o m p o s i t e   s t r a n d e d  

c o n d u c t o r   to   s h o r t - c i r c u i t   c u r r e n t s   i s   low.   For  e x a m p l e ,  

f o r   t h e   d e s c r i b e d   c o m p o s i t e   s t r a n d e d   c o n d u c t o r   h a v i n g   a  

c r o s s - s e c t i o n a l   a r e a   of  80  mm2,  i t   has   n o t   b e e n   o b s e r v e d  

t h a t   t h e   t u b e   4  m e l t e d   e v e n   when  a  s h o r t - c i r c u i t   c u r r e n t   o f  

20  KA  f l o w e d   f o r   20  c y c l e s   (1  c y c l e   =  1 /60   s e c o n d s ) .   On  t h e  

o t h e r   h a n d ,   fo r   a  c o m p o s i t e   s t r a n d e d   c o n d u c t o r   w h i c h   i n c -  

l u d e d   a  M y l a r   ( t r a d e m a r k   of   Du  P o n t )   t a p e   l a y e r   0 . 0 2   mm 

t h i c k   b e t w e e n   t he   s p a c e r   3  and  t h e   a l u m i n u m   t u b e   4,  t h e  

l a t t e r   was  m e l t e d   due  to   i n s u l a t i o n   b r e a k d o w n   when  a  s h o r t -  

c i r c u i t   c u r r e n t   of  15  KA  f l o w e d   f o r   a  p e r i o d   c o r r e s p o n d i n g  

to   8  c y c l e s .  

F i g .   5  shows  a n o t h e r   e m b o d i m e n t   of   t he   p r e s e n t  

i n v e n t i o n   in  w h i c h   t h e   d i a m e t e r   of  t h e   s p a c e r   3  i s   m a d e  

s m a l l e r   t h a n   t he   i n n e r   d i a m e t e r   of   t h e   t u b e   4  so  t h a t   t h e  

s p a c e r   can  moved  w i t h i n   t h e   t u b e   4.  The  s t r u c t u r e   shown  i n  

F i g .   5  i s   a d v a n t a g e o u s   in  c a s e   t h e   o p t i c a l   f i b e r s   2  b r e a k .  

T h a t   i s ,   t h e   o p t i c a l   f i b e r s   2  r e c e i v e d   in  t h e   s p a c e r   3  c a n  

be  moved  t o g e t h e r   w i t h   t h e   s p a c e r   3  w i t h   r e s p e c t   to   t h e   t u b e  

4  so  t h a t   r e p a i r   of  t h e   b r o k e n   f i b e r s   i s   made  p o s s i b l e .   F o r  

i n s t a n c e ,   in  a  t e s t ,   a  f o r c e   r e q u i r e d   f o r   e x t r a c t i n g   o r  



i n s e r t i n g   a  s p a c e r   2 .5   mm  d i a m e t e r   and  1  km  l o n g   f rom  o r  

i n t o   an  a l u m i n u m   t u b e   whose   i n n e r   d i a m e t e r   and  l e n g t h   were   4 

mm  and  1  km,  r e s p e c t i v e l y ,   was  50  kg  or  l e s s .  

F i g .   6  shows  a n o t h e r   e m b o d i m e n t   of   t h e   p r e s e n t  

i n v e n t i o n ,   in  w h i c h ,   i n s t e a d   of  a l u m i n u m - c l a d   s t e e l   w i r e s  

e a c h   h a v i n g   a  c i r c u l a r   c r o s s   s e c t i o n ,   a l u m i n u m - c l a d   s t e e l  

w i r e s   7  h a v i n g   f a n - s h a p e d   c r o s s   s e c t i o n s   a r e   u s e d .   T h e  

c r o s s   s e c t i o n s   of  t he   a l u m i n u m - c o a t e d   s t e e l   w i r e s   7  a r e  

s u b s t a n t i a l l y   wedge  s h a p e d   so  t h a t   a d j a c e n t   o n e s   of  t h e  

s t e e l   w i r e s   7  a r e   i n t i m a t e l y   c o n t a c t e d   w i t h   e a c h   o t h e r   t o  

p r o v i d e   a  s o - c a l l e d   b r i d g e   e f f e c t ,   t h e r e b y   to   make  t h e   l a y e r  

of   s t e e l   w i r e s   r i g i d .   In  t h i s   e m b o d i m e n t ,   t h e   t u b e   4  of  t h e  

s p a c e r   3  u n d e r g o e s   l i t t l e   d e f o r m a t i o n .   Even  i f   i t   i s  

d e f o r m e d ,   t h e   o p t i c a l   u n i t   5  i s   p r o t e c t e d   by  t h e   s p a c e r   3 ,  

and  t h e r e f o r e   i t   i s   p o s s i b l e   to   r e p l a c e   t h e   o p t i c a l   u n i t   5 

w i t h o u t   damage   to   i t s   c o m p o n e n t s .  

As  d e s c r i b e d   in  d e t a i l   h e r e i n b e f o r e ,   s i n c e   t h e  

o p t i c a l   f i b e r s   a r e   r e c e i v e d   in  h e l i c a l   g r o o v e s   f o r m e d   in   t h e  

s p a c e r   w i t h   t h e   w i d t h   of  t h e   h e l i c a l   g r o o v e s   b e i n g   s u b s t a n -  

t i a l l y   e q u a l   to   t h e   o u t e r   d i a m e t e r   of   t h e   o p t i c a l   f i b e r s  

a n d / o r   t h e   o p t i c a l   b u n d l e s ,   t h e   f r e e d o m   of   m o v e m e n t   of  t h e  

o p t i c a l   f i b e r s   in  t h e   g r o o v e s   i s   r e d u c e d ,   and  t h u s   t h e  

b e n d i n g   l o s s e s   t h e r e o f   a r e   m i n i m i z e d .   F u r t h e r ,   e x t e r n a l  

s t r e s s   a p p l i e d   a x i a l l y   to   t h e   c o m p o s i t e   s t r a n d e d   c o n d u c t o r  

i s   a b s o r b e d   by  r a d i a l   m o v e m e n t s   of  t h e   o p t i c a l   f i b e r s .  

S i n c e   t h e   o p t i c a l   f i b e r s   a l w a y s   move  t o g e t h e r   w i t h   t h e  

s p a c e r ,   t h e   o p t i c a l   f i b e r s   a r e   n o t   s u b j e c t e d   to   l o c a l  

c o n c e n t r a t i o n   of  d e f o r m a t i o n   due  to   t h e r m a l   a n d / o r  



m e c h a n i c a l   f o r c e s   a p p l i e d   t h e r e t o   e x t e r n a l l y ,   r e s u l t i n g   in  a  

s t a b l e   t r a n s m i s s i o n   c h a r a c t e r i s t i c s   and  e x t e n d e d   l i f e   t i m e  

of  t h e   o p t i c a l   f i b e r s .  

In  a d d i t i o n ,   i f   t h e   o p t i c a l   f i b e r   has   a  c o r e  

a n d / o r   a  c l a d d i n g   w h i c h   c o n t a i n s   f l u o r i n e ,   t h e   t r a n s m i s s i o n  

c h a r a c t e r i s t i c s   of  t he   o p t i c a l   f i b e r   in  t h e   c o m p o s i t e  

s t r a n d e d   c o n d u c t o r   can  be  s t a b l y   m a i n t a i n e d   e v e n   u n d e r   h i g h  

t e m p e r a t u r e   c o n d i t i o n s .  



1.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   c h a r a c t e r i s -  

ed  b y :  

a  p l u r a l i t y   of  o p t i c a l   f i b e r s   (2)  a n d / o r   o p t i c a l  

b u n d l e s ;  

a  p r o t e c t i v e   t u b e   (4)  e n c l o s i n g   s a i d   o p t i c a l   f i b e r s  

(2)  or  b u n d l e s ;  

a  p l u r a l i t y   of  s t r a n d e d   c o n d u c t o r s   ( 6 , 7 )   of  m e t a l   o r  

m e t a l   a l l o y   d i s p o s e d   a r o u n d   s a i d   p r o t e c t i v e   t ube   ( 4 ) ;   a n d  

a  s p a c e r   (3)  r e c e i v e d   in  s a i d   p r o t e c t i v e   t u b e   ( 4 ) ,  

s a i d   s p a c e r   h a v i n g   a  p l u r a l i t y   of  a x i a l l y   e x t e n d i n g  

h e l i c a l   g r o o v e s   (1)  f o r m e d   in  an  o u t e r   s u r f a c e   of  s a i d  

s p a c e r   ( 3 ) ,   ones   of  s a i d   o p t i c a l   f i b e r s   (2)  a n d / o r   s a i d  

o p t i c a l   b u n d l e s   b e i n g   r e c e i v e d   in  r e s p e c t i v e   o n e s   o f  

s a i d   g r o o v e s   ( 1 ) ,   e ach   of  s a i d   h e l i c a l   g r o o v e s   (1)  h a v -  

ing   a  w i d t h   s u b s t a n t i a l l y   e q u a l   to  an  o u t e r   d i a m e t e r   o f  

t h e   one  of  s a i d   o p t i c a l   f i b e r s   (2)  a n d / o r   s a i d   o p t i c a l  

b u n d l e s   r e c e i v e d   t h e r e i n ,   w h e r e b y   s a i d   o p t i c a l   f i b e r s  

(2)  or  b u n d l e s   a r e   r e s t r i c t e d   f rom  movement   in  s a i d  

g r o o v e s   (1)  in  a  c i r c u m f e r e n t i a l   d i r e c t i o n   of  s a i d  

s p a c e r   ( 3 ) .  

2.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  c l a i m   1  c h a r a c t e r i s e d   in  t h a t   s a i d   s p a c e r   (3)  i s   m a d e  

of  a  m e t a l .  

3.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  c l a i m   1  c h a r a c t e r i s e d   in  t h a t   s a i d   s p a c e r   (3)  i s   m a d e  

of  a  h e a t - r e s i s t a n t   p l a s t i c s   m a t e r i a l .  

4.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  any  one  of  c l a i m s   1  to  3  c h a r a c t e r i s e d   in  t h a t   s a i d  

p r o t e c t i v e   t u b e   (4)  i s   made  of  a  m e t a l .  



5.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  any  one  of  c l a i m s   1  to  4  c h a r a c t e r i s e d   in  t h a t   a n  

i n n e r   d i a m e t e r   of  s a i d   p r o t e c t i v e   t u b e   (4)  is   s u b s t a n -  

t i a l l y   e q u a l   to  an  o u t e r   d i a m e t e r   of  s a i d   s p a c e r   ( 3 ) .  

6.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  any  one  of  c l a i m s   1  to  4  c h a r a c t e r i s e d   in  t h a t   a n  

i n n e r   d i a m e t e r   of  s a i d   p r o t e c t i v e   t u b e   (4)  is  l a r g e r  

t h a n   an  o u t e r   d i a m e t e r   of  s a i d   s p a c e r   ( 3 ) .  

7.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  c l a i m   5  or  6  c h a r a c t e r i s e d   in  t h a t   e a c h   of  s a i d  

s t r a n d e d   c o n d u c t o r s   is   an  a l u m i n u m - c l a d   s t e e l   w i r e  

s t r a n d   ( 7 ) ,   and  in  t h a t   s a i d   a l u m i n u m - c l a d   s t e e l   w i r e  

s t r a n d s   (7)  a r e   s u b s t a n t i a l l y   w e d g e - s h a p e d   in  c r o s s -  
s e c t i o n   so  t h a t   a d j a c e n t   ones   of  s a i d   a l u m i n u m - c l a d  

s t e e l   w i r e   s t r a n d s   a r e   i n t i m a t e l y   c o n t a c t e d   w i t h   e a c h  

o t h e r   to   p r o v i d e   a  b r i d g e   e f f e c t .  

8.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  c l a i m   5  or  6  c h a r a c t e r i s e d   in  t h a t   t h e   o u t e r   d i a m e t e r  

of  s a i d   s p a c e r   (3)  i s   e q u a l   to  or  s m a l l e r   t h a n   t w i c e   t h e  

o u t e r   d i a m e t e r   of  any  one  of  s a i d   a l u m i n u m - c l a d   s t e e l  

w i r e   s t r a n d s   ( 6 ) .  

9.  A  c o m p o s i t e   o v e r h e a d   s t r a n d e d   c o n d u c t o r   as  c l a i m e d  

in  any  one  of  c l a i m s   1  to  8  c h a r a c t e r i s e d   in  t h a t   e a c h  

of  s a i d   g r o o v e s   (1)  has  a  r o u n d e d   b o t t o m   p o r t i o n   h a v i n g  

a  r a d i u s   of  c u r v a t u r e   s u b s t a n t i a l l y   e q u a l   to   a  r a d i u s   o f  

s a i d   one  of  s a i d   o p t i c a l   f i b e r s   (2)  a n d / o r   s a i d   o p t i c a l  

b u n d l e s   r e c e i v e d   t h e r e i n .  
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